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Expert system attracts increasing attention form commercial sector in recent 
years because of the emerge of user-friendly and powerful expert system shells in 
the market. In around June 1991, Hong Kong Telephone Company has launched 
a project on equipment diagnostics. The objective was to improve productivity of 
operators at Customer Service Center on their work of diagnosing faulty Digital 
Data Network circuits. 
An expert system shell called Kappa PC was selected as the tools for developing 
the diagnostics system. It was intended to take this opportunity to gain some 
experience on expert system development as well. In Jan 92, the system was put 
into trial. 
Evaluation of the development process, system performance, and users feedback 
reviewed that user acceptance was low due to two main reasons. The first one is 
the failure to adopt expert heuristics which led to inefficient diagnostic strategies. 
The second problem is that the expert system was built as an advisor rather than 
assistant to end-users. This caused the system to compete with end-users for high 
satisfaction decision making tasks, while leaving the manual work for the end-
users. 
Taking into consideration that the company is inexperience in developing expert 
system application, it is suggested that a development methodology which 
emphasize on 'successive prototype refinement' to be adopted. 
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Areas of improvements for this system were identified. An approach which based 
on job satisfaction was used to establish priority of implementing these 
improvements. Together with system improvements, a change in work flow was 
also recommended to further improve efficiency. 
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1. Introduction 
Commercial applications of expert system have been in the market for many 
years, but expert system is still not a widely adopted means of problem solving in 
MIS, EDP or other disciplines. In recent years, powerful and user-friendly expert 
system shells emerged in the market, and applications of expert systems attract 
increasing attention. One area of applications is in diagnosis. This MBA project 
is going to study the application of expert system in equipment diagnostics in the 
telephone company _ Hong Kong Telecom. 
1.1 Company Background 
Hong Kong Telecom is the largest employer in Hong Kong operating franchised 
telecommunication services. Under Hong Kong Telecom, there are four wholly 
owned subsidiaries : 
a) Hong Kong Telephone, which provides local telephone services; 
b) Hong Kong Telecom International, which provides international 
telephone services; 
c) Hong Kong Telecom CSL, which sells & rents telecommunication 
equipment, and provides paging, & mobile telephone services; 
d) Computasia, which provide the billing services to Hong Kong 
Telecom group. 
Telecommunication services providing by Hong Kong Telephone & Hong Kong 
Telecom International can be broadly classified into three main categories, 
namely: voice (standard telephone), data & Fax. 
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1.2 Environmental Changes 
Over the 80's, telecommunication technologies changed rapidly. To keep 
abreast of the international service standard, Hong Kong Telecom has been 
upgrading its equipment from copper underground cable and electromechanical 
equipment to fiber optic cable and digital switching equipment. 
In the telecommunication market, competition in the non-franchised business 
such as paging and mobile telephone is very keen. In 1988, the Government 
announced their policy on establishing a second telecommunication network. 
This policy threatened the position of Hong Kong Telecom as the sole supplier of 
franchised telecommunication services in Hong Kong. It is expected that the 
competitive environment of the franchised services in the future will be similar to 
the paging or mobile phone markets today. High service quality and low 
operating cost will be the keys to survival in the future. 
In recent years, international telecommunication operators such as AT&T, 
British Telecom, KDD of Japan and OTC from Australia have set up offices in 
Hong Kong. One reason is that they are looking for opportunities to obtain a 
share in the telecommunication business in Hong Kong. Another reason 
originates from the global trend of deregulation of telecommunication business. 
These companies try to strengthen their market position through globalization, 
and Hong Kong is an important stronghold in their vision of globalization. 
To prepare for the competition, Hong Kong Telecom reorganized in March 91 to 
merge Hong Kong Telephone and Hong Kong Telecom International. 
Duplicated functions such as personnel and finance were grouped together. A 
single marketing branch was set up to unify the marketing and product 
development activities. The operational branches of the two companies were 
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planned to be merged together originally. But eventually, they remained as two 
companies legally, due to the objection of the Hong Kong Government. In the 
re-organization, more than 1100 staff were laid-off. The re-organization helped 
Hong Kong Telecom to improve her competitiveness in terms of cost. 
The original tariff scheme which was based on a fixed percentage of the paid in 
capital of the company expired in 1991. Hong Kong Telecom is negotiating with 
the Government on a new tariff scheme which will be based on inflation rate and 
productivity improvement. Hence, improvements in productivity will be a major 
long term objective of the company for it to survive in this competitive 
environment. 
Associated with these changes is the change in manpower requirement. 
Nowadays, staff are required to possess more knowledge as well as skills. These 
kinds of knowledge have to be acquired through both formal education and on 
job training. Shortage of well-trained staff has been a problem since the late 80's 
and it is partially alleviated through internal training programs. The training 
period ranges from six months to two years. A long training programme is 
necessary because staff are required to have a good understanding of the whole 
picture of a system rather than just a sub-system inside. Staff can have a better 
coordination in their work and this will also be helpful to their career 
development. 
1.3 Datapak Services 
The knowledge based diagnostic system which will be introduced in the next 
section operates on the data communication services of Hong Kong Telecom. 
These services are marketed under the brandname of Datapak and can be 
broadly classified into two categories, namely: 
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a) Packet Switched Services ( PSS ), which include a series of packet 
switched data communication services conforming to the international 
standards of CCITT X.25 and X.28. Data speed of PSS ranges from 
300bps to 64kbps. PSS are usually employed in applications where small 
data traffic is expected between a large number of distributed locations 
and the central site. Typical applications include the point-of-sale 
applications, credit card authorization and Telebet. 
b) Digital Data Services ( DDS )，which include a series of dedicated 
point-to-point and point-to-multipoint data communication circuits of 
different speeds ranging from 1200bps to 2.048Mbps. DDS are usually 
employed where large volume of data is to be transferred between two 
points or among some points. Typical applications include inter-computer 
systems file transfer or Automatic Teller Machine networks. Information 
regarding the services under DDS is included in Appendix 2. 
Datapak provides end-to-end data communication services which charge on 
rental basis, plus usage charge in some services. Round the clock maintenance 
service is provided to all Datapak customers. 
1.4 Knowledge Based Diagnostic System 
The DDS services are provided through a variety of technologies ranging from 
the conventional analog modem & copper leased circuits to the advanced Digital 
Data Network (DDN). The Digital Data Network is a fully digital circuit 
switched network which can support point-to-point or point-to-multipoint data 
circuits with speed from 1200bps to 1.544Mbps. 
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To cope with the increasing demand on DDN and the problem of manpower 
shortage, a DDN diagnostic system project was launched in mid 1991. The 
system was designed to assist the customer service operators to diagnose the data 
circuits of DDN and identify possible faulty sections on the circuit. 
A consultant was employed to develop a small scale system using an expert 
system shell called Kappa PC by Intellicorp - an American company specializing 
in knowledge based systems. Management intended to gain some experience on 
expert system through this project. In January 1992, the working prototype was 
put into trial. 
In this MBA project, the author is going to study the implementation of this 
knowledge based system. 
1.5 Project Objectives 
The following key items will be studied with reference to the DDN Diagnostic 
System: 
a) A review on the overall effectiveness of the system in terms of its ability to 
complete the jobs, and its ability to off load the operators. 
b) The areas which should be worked on in order to improve or extend the 
capability of the system. Such areas may include graphic user interface, 
database, internetworking and other advanced features of expert system. 
c) The impact of expert system on organization structure, job design and 
training requirements of technical staff. 
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1.6 Research Methodologies 
Personal interview and observation will be used to collect background 
information on the present organization structure, work flow, and the attitude of 
the operators towards the diagnostic system. Unstructured questions will be used 
where appropriate. 
Literature survey will be used to obtain information of similar applications in 
other institutions and studies by other researchers for comparison. Analysis will 
then be conducted to provide recommendations for future actions. 
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2. The Operating Environment 
2.1 Organization Structure and Work Flow 
The end-user of the DDN Diagnostic System is the Datacom Operations Section 
under the Service Provision Branch of Hong Kong Telephone. The Datacom 
Operations Section is responsible for the installation and maintenance of all 
services under Datapak, They have to ensure that all Datapak users can user this 
service without interruption or errors. They are responsible for the proper 
functioning of line equipment, i.e., customer related equipment. 
For those services which have common core equipment, such as a packet switch 
or line multiplexing equipment, there will be other parties responsible for 
operating them. Datacom Operations can be considered as a user of those core 
network equipment, and the front line interface to customers. 
A simplified organization chart is shown in Fig. 2.1. Inside Datacom Operations, 
the staff are grouped under four teams by job function. They are, namely : 
a) Field Installation - responsible for the installation of new Datapak lines 
b) Customer Service Center (CSC) - responsible for receiving customer fault 
reports, and carries out fault isolation 
c) Test & Dispatch Control (TDC) - responsible for coordinating different 
parties to clear the faults 
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d) Field Maintenance - responsible for the maintenance of Datapak lines 
Staff of CSC work on shift to provide 24 hour maintenance service to customer. 
Other maintenance staff will standby after office hours to support them. 
For simplicity, the maintenance work flow among these teams is illustrated below 
using a case of DDN circuit fault: 
a) Mr. Chan has a DDN line connecting his office at Central and his factory 
at Kwai Chung. One day, he discovered that this line was not functioning 
properly and he gave CSC a call. 
b) CSC staff asked him about the line number and the symptoms of that line 
and started fault isolation. A case was opened in the fault ticketing 
system. 
c) CSC staff retrieved details of this circuit from database in Computasia and 
connect to the network management system of DDN. After checking the 
settings and performing some diagnostics, they suspected that the section 
at Central might be faulty, and the case was passed to TDC via the fault 
ticketing system. 
d) TDC dispatch field maintenance staff at Central to check the circuit. The 
faulty equipment at Mr. Chan's Central office was replaced. TDC then 
performed an end-to-end check to confirm the functionality of the whole 
circuit. Finally, they informed Mr. Chan that his circuit was okay. TDC 
then closed the case. 
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At present, there are around 12 staff operating CSC in 3 shifts, and 10 staff 
operating TDC. A schematic diagram of the operation environment at CSC & 
TDC is shown in Fig. 2.2. 
2.2 Problems Areas 
The maintenance service of Datacom Operations is now facing a number of 
problems. Firstly, due to the rapid growth in demand in data communication 
services, the manpower establishments at CSC and TDC are very tight. On the 
one hand, they have to keep the head count low to meet internal productivity 
objectives, and on the other hand, they have to maintain a reasonably high quality 
of service. 
Secondly, as a unique service attribute, fault reporting of all Datapak services is 
done through one telephone number. Hence, being the front line maintenance 
support, staff of CSC are required to have a general knowledge on all the services 
offered under Datapak. As more and more complicated services are offered, it 
becomes difficult to have all staff being well trained in every technology. To 
overcome this problem, supervisor of CSC can only afford to have staff with more 
expertise in one technology while less in another. As a result, CSC supervisor has 
to ensure a good combination of staff of different expertise in every shift. 
Thirdly, many of the network management systems that CSC is operating are 
quite primitive. Staff have to memorize a lot of keystrokes to execute a 
diagnostic function. This hinders improvement in productivity. 
2.3 Operating Support System (OSS) 
Starting from 1990，Datacom Operations and other development sections began 
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to spend more resources in developing Operation Support Systems. This move is 
an attempt to improve the productivity of operation through advanced 
information technologies in order to take care of the increasing demand, while 
maintaining a low manpower establishment. 
A number of OSSs have been developed since then. The followings are a 
number of such OSSs : 
a) Fault Ticketing System : This system operates between CSC & TDC to 
help them manage fault reports. K is basically a PC LAN based database 
application. 
b) Information System Platform (ISP): This system contains the database 
for all Datapak customers. It also automates the order processing work 
flow among a number of parties which are inter-connected using WAN. 
This system is implemented on a PC based Oracle database server using a 
client server computing approach. 
This system is partially put into service. This system can issue service 
orders for about half of the Datapak services. Data conversion from 
customer database in Computasia to ISP is still in progress. 
c) DDN Diagnostic System : This is one of the examples of OSS which 
attempt to improve the interface between operators and equipment, and 
help the operators to do part of their work, such as, continuous network 
status surveillance. 
The DDN Diagnostic System will be explained in detail in the next section. 
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3. DDN Diagnostic System 
This section outlines the development process of the DDN Diagnostic System. 
But before going into that, a brief introduction of some technical background of 
the Digital Data Network (DDN) and the expert system shell - Kappa PC will be 
given. 
3.1 Digital Data Network (DDN) 
The Digital Data Network was set up since 1987. It is a fully digital circuit 
switched network through which most of the Digital Data Services of Hong Kong 
Telephone are offered. It supports point-to-point and point-to-multipoint data 
communication circuits of a wide range of speed. 
The three main components of DDN are : 
a) Network Termination Unit (NTU): It is the digital modem connecting 
between customer equipment and the T1 channel multiplexer at exchange 
building (also known as central office ) of Hong Kong Telephone. It can 
transmit data at a rate up to 64 Kbps up to around 3 km in distance. To 
provide multipoint operation, the NTU at exchange building supports 
digital data branching facility. 
b) T1 Channel Multiplexer: Through this, data from a number of Network 
Termination Units are multiplexed onto a T1 circuit, a 1.544 Mbps data 
path, and transmitted to remote T1 channel multiplexer through the 
digital transmission network. De-multiplexing is done at the remote end. 
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c) Digital Transmission Network : This is the transmission backbone of 
Hong Kong Telephone. It is a fiber optics based high speed transmission 
network supporting both the voice and data networks of the company. 
All the components in DDN can be remotely accessed via a small packet 
network. Operators can control, configure and carry out diagnostics remotely 
through a data terminal. All the operations are menu driven. 
To illustrate the configuration of the network, a point-to-point and a point-to-
multipoint circuits are shown in Fig. 3.1 and 3.2 respectively. 
DDN equipment also provide adequate diagnostic facilities for operators to carry 
out fault isolation remotely. The Network Termination Units and T1 Channel 
Multiplexers have loop-back facilities which can be set to echo back any data to 
where they are sent from. Together with a Bit Error Rate Tester (BERT) 
equipped in every T1 Channel Multiplexer, operators can check whether a 
segment of the data circuit is error free or not. This is basically a data path 
continuity check at the physical level. Fault isolation is done by performing such 
tests segment by segment along the circuit. All these can be done remotely at the 
CSC or T D C Fig. 3.3 is a schematic diagram showing the steps of fault isolation 
for a simple point-to-point DDN circuit. 
Although this arrangement offers a number of advantages such as remote access, 
remote control and built-in diagnostic facilities, there are still a number of weak 
points with this system. The DDN requires many keystrokes, for going through 
menus and selecting options, to configure or operate the DDN. Operators have 
to go through a steep learning curve before they can be proficient with the system 
commands. So it takes time to become a well-trained staff of DDN. 
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3.2 Kappa PC 
The expert system shell employed in this project is called Kappa PC by 
Intellicorp, an American company specializing in AI products. The ancestor of 
Kappa is KEE which stands for Knowledge Engineering Environment. KEE 
evolved to two products: Pro Kappa which operates on SUN workstation 
platform and Kappa PC which operates on PC platform under Microsoft 
Windows. 
Kappa PC is actually a hybrid tool. By hybrid tool, it means that Kappa PC 
provides many more features other than an expert system shell [Harman; 2, 
p. 142]. These includes : 
a) A graphical Object Oriented Programming environment 
b) Proprietary procedural programming language 
c) Graphical user interface which allow users to develop windows, buttons, 
icons easily 
d) Functions which support read/write to DBase III files 
e) Embedded procedures using C code 
This expert system shell supports both forward and backward chaining and simple 
rule tracing. Sophisticated features such as certainty factor, multiple framing and 
explanation are not available. 
In Kappa PC, information or knowledge is placed in 4 types of storage or 
representations, namely: 
a) objects : A representation of the real world, which contains attributes 
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(data) and methods (procedures) pertaining to the object. 
b) functions : A collection of procedural programs which operate on objects 
or interface with external device. 
c) rules : This is the 'knowledge base1 of Kappa. 
d) goals : A set of targets bases on which the inferencing process operate. 
This method of storage is quite different from the conventional approach where 
information or knowledge is either stored as data or program code. 
The most outstanding selling point of Kappa PC is 'user friendly'. User can learn 
to build simple objects, presentable graphic user interface and small rule based 
system within a couple of weeks. Kappa PC is very suitable for rapid prototyping. 
3.3 Development Process 
The developer of DDN Diagnostic System was a Hong Kong based company 
called I3P. This company is also the agent of Kappa PC and Pro Kappa in Hong 
Kong. I3P first approached the top management of Hong Kong Telephone to sell 
Kappa PC. 
To demonstrate the capabilities of Kappa PC, they offered a free demonstration 
prototype to Hong Kong Telephone. They sent a consultant to work on a small 
project of Hong Kong Telephone, free of charge, to produce a demo prototype 
(proof of concept) within two weeks. The project chosen was DDN Diagnostic 
System. Although the demo prototype could only simulate the diagnostic 
situation, the result was appealing. Finally, I3P was offered a development 
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project on DDN Diagnostics using Kappa PC. 
The main reason for employing Kappa PC was that Hong Kong Telephone has 
no prior experience in knowledge based application development, and top 
management would like to take this opportunity to gain some experience on 
expert system. 
The development process started with the requirement specifications drafted by 
the supervisor of CSC. In the specification, automatic diagnostics for point-to-
point and point-to-multipoint DDN circuits were stated. However, the exact 
strategies for diagnostics were not specified. Besides, this specification only 
focused on the functionality of DDN diagnostics, other aspects such as user 
interface and performance were not touched on. 
Two consultants from I3P began their analysis by talking to the CSC supervisor 
on his idea about DDN diagnostic. Then, they interviewed an experienced CSC 
operator, who played the role of domain expert, about his strategy of diagnostics. 
Besides, they spent a few day at CSC to observe how the operators carry out their 
diagnostics. They have also taken away some DDN operation manuals for detail 
study. 
Instead of coming up with something like a design specification as in the 
conventional approach, these consultants chose an approach which can be termed 
as 'successive prototype refinement1. They asked the opinions of end-users on 
their prototype, collected the feedbacks and came up with an improved version 
the next time. 
After about four months, a fully functional prototype was installed in CSC. The 
whole project costs less than HK$240,000, including the end product, plus a 386 
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PC，development & runtime version of Kappa PC as well as development costs. 
The price was quite low, as this company wanted to get some more business from 
Hong Kong Telephone. I3P considered this project a proof of their capability 
only. They admitted that their ultimate aim was to develop expert system 
applications for Hong Kong Telephone on the Pro Kappa platform. 
The DDN diagnostic system was implemented on Kappa PC using 20 rules, 50 
classes of objects with 235 instances, 262 functions, and 2 goals. A schematic 
diagram showing the object hierarchy of the DDN Diagnostic System is included 
in Appendix 3. When comparing the number of rules with other systems in the 
literature [Callahan, 6], the DDN Diagnostic System can be considered as a small 
scale implementation. 
A typical diagnostic process using this system begins with inputting all necessary 
data concerning the DDN circuit. Then the operator can initiate the fault 
isolation process. The DDN Diagnostic System will automatically connect to 
corresponding DDN equipment and then execute a number of tests on different 
segments of the circuit. The operator just need to wait for the conclusion from 
the system which will suggest the faulty locations, if any. A sample diagnostic 
report of this system is included in Appendix 4. 
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4. Post Implementation Evaluation 
4.1 Functionality & Performance 
From the functionality point of view, the DDN Diagnostic System can fulfill the 
requirement of fault isolation for point-to-point DDN circuits without operator's 
assistance. It can locate multiple faults in a circuit as well. For point-to-
multipoint DDN circuit, this system can only perform diagnostics for a particular 
branch circuit under operator's guidance. 
In terms of performance, the DDN Diagnostic System needs about five to twenty 
minutes to complete a diagnostics after an operator has input all necessary 
parameters of the whole circuit. The variation in time depends on the location of 
fault and number of faults. For CSC operators, they need about two to ten 
minutes to locate the fault. 
Usually, the CSC operators do not attempt to check for further faults along a 
DDN circuit. Instead, they will wait until the first fault is cleared and execute an 
end-to-end functionality check to confirm this, before they inform the customers. 
If, however, other faults are found, they will have to repeat the fault clearing 
process and the fault recovery time may be doubled. In most of the cases, there 
is only one fault per circuit and, hence, operators can out-perform the DDN 
Diagnostic System. 
Therefore, the DDN Diagnostic system is considered acceptable in terms of 
functionality. It offers higher diagnostic quality compared with CSC operator. 
However, its performance, in terms of fault isolation time per circuit, is not 
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acceptable. 
User acceptance of the DDN Diagnostic System was terribly low. Except for a 
few operators who tried to use the system when it was first installed, this system 
was put aside in CSC. 
4.2 User Survey 
Staff at CSC were interviewed to collect their attitude and opinion about the 
DDN Diagnostic System. Three of the staff from CSC were selected for 
interview. They represented three different roles in CSC. They are : 
a) CSC Supervisor: The one who manage the csc and is responsible for the 
overall performance of CSC. 
b) Diagnostics Expert : An experienced CSC operator who was selected to 
act as the domain expert during the knowledge elicitation phase of system 
development. This person is also an end-user of the DDN Diagnostic 
System as well. 
c) CSC Operator : Operator with average experience who represented the 
end-user. 
In the interviews, un-structured questions were asked. The following questions 
and answers summarized the three interviews. Their answers were condensed as 
one. Those who gave the answers were listed in brackets under the respective 
question. 
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Ql. Do you think the DDN Diagnostic System can perform the duty to identify 
the faulty segment or location on a DDN circuit ？ 
(Diagnostic Expert, CSC operator ) 
Their answers were yes for point-to-point DDN circuit. For point-to-
multipoint circuit, the system was not able to perform the complete 
function. 
02. Will you use the DDN Diagnostic System to help you in your daily fault 
location for DDN circuit ？ If not, why ？ 
(Diagnostic Expert, CSC operator) 
No, because the system still requires the operator to input a lot of circuit 
parameters before the diagnostic can be started. Operators would prefer 
to do the diagnostics by themselves bearing in mind that the execution 
time of the system is significantly longer than that of the operators. 
Q3. How do you compare the diagnostic strategy of the DDN Diagnostic 
System with the strategy that the operators are using ？ 
(all three) 
The two strategies are basically very similar. However, the operators have 
done two things in addition : 
a) Ask the customer, who reports the fault, about the symptoms 
encountered to determine from which segment the diagnostics 
should start. 
b) After connecting to the DDN equipment, retrieve circuit status and 
observe if there is any anomaly. 
I ‘进伞文大學圆省符^ S j 
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Therefore, in most cases, the operators can arrive at a conclusion faster. 
But the operator stressed that the accuracy is not 100 % and sometimes, 
they will be misled by the clues. Another point is that the strategies used 
by one operator may be different from another. 
Q4. Why didn't you tell the consultants from I3P to use exactly the strategy 
that operators are using ？ 
(CSC Supervisor, Diagnostics Expert) 
The strategy that CSC operators proposed to the consultants was a more 
complete one. It provides conclusion with 100% certainty. They thought 
that the DDN Diagnostic System should use a more reliable strategy. 
Another reason was that it was difficult to explain to the consultants how 
to look for the clues, and why the clues are only useful in some cases. 
Q5. Do you think the DDN Diagnostic System can be helpful to an operator 
who is completely ignorant about DDN diagnostics ？ 
(all three) 
Yes, this will be helpful. However, as the system cannot take care of all 
cases at this stage, the operator will still have to learn how to diagnose by 
himself/herself. 




In order of descending preference : 
a) Automatic retrieval of customer circuit details from remote 
customer database and input to DDN Diagnostic System. 
b) Shorter execution time. 
c) Support diagnostics of point-to-multipoint circuits. 
d) Use different strategies depending on circuit configurations. 
Operators noted that they will start using this system if item a) is 
implemented. 
Q7. What is the ultimate working environment do you think CSC should 
evolve to, with the help of DDN Diagnostic System and other Operation 
Support Systems ？ 
(CSC Supervisor) 
In terms of working environment, CSC should have an integrated access to 
all networks, customer databases, via a single user interface. Operation 
Support Systems such as customer database, fault ticketing system, and 
DDN Diagnostic System should have a better integration to make them 
transparent to user. 
In terms of staff requirements, Operation Support Systems should help in 
eliminating tedious manual work and reducing the training requirements 
of staff. Hence, operators can be flexibly allocated to support customers 
of different networks or services without too many prerequisites, and their 
scope of work can be enlarged. 
Originally, the author planned to invite the consultants of I3P for an interview on 
their development methodologies. Unfortunately, about one month after they 
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delivered the DDN Diagnostic System, I3P announced that they have closed 
down their section on AI products. They no longer support Kappa PC or Pro 
Kappa. The consultants were laid off and could not be contacted for interview. 
4.3 Interpretation Of Results 
a) Functional Requirements : 
Users of CSC urged to have automatic database access, retrieval and input to 
DDN Diagnostic System. The linkage to customer database was given the 
highest priority because this will help to reduce the amount of tedious manual 
work of operators. 
b) Diagnostic Strategy: 
The DDN Diagnostic System seemed to use a model-based approach [Turban; 1， 
p.443] of formulating the diagnostic strategy. Diagnostics is basically carried out 
in a top-down manner to narrow the scope and isolate the fault. It can be 
considered as 'reasoning from first principle1. For multipoint circuits, the 
diagnostic strategy is too complicated to be implemented within a short time 
using the model-based approach. Therefore, it is only partially completed. 
Instead, the operators employ heuristics, or short cuts. Their diagnostics may 
start at a particular segment which they think is most likely to be faulty. 
Symptoms reported by customers are taken into account during their decision 
making. 
c) Techniques Of Knowledge Engineer 
The deviation of diagnostic strategy of the DDN Diagnostic System from the CSC 
operators is one of the causes for poor performance and low user acceptance. It 
reflects that there are communication problems between the consultants from 
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I3P，playing the role as Knowledge Engineer, and the CSC operators, playing the 
role as Domain Expert or End-user. The skills of the knowledge engineer and 
the process of knowledge elicitation are critical to the success of this project. 
4.4 Summary 
The DDN Diagnostic System can perform the functions of circuit diagnostics, but 
at a lower performance. However, user acceptance is low. The user survey 
reflects that one critical factor which affects the development of expert system is 
the knowledge elicitation process. Communication among the knowledge 
engineer, domain expert and end-users are important. 
Despite the fact that user acceptance is low at this stage, the author recommend 
to continue to pursue with this project using Kappa PC as the tools for the 
following reasons : 
a) This system is proved to be technically feasible. 
b) Performance of the system can be improved by adopting heuristics. 
c) One of the objectives of this project is to obtain experience in expert 
system shell development. 
d) Using Kappa PC, subsequent refinement will be much quicker and will not 
be costly. 
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5. Areas For Improvements 
After summarizing the evaluation of the DDN Diagnostic System, this section is 
going to discuss a number of areas that should be worked on in order to improve 
this system to a user acceptable form. Besides functional improvements of the 
system, other areas such as development methodology and training are also 
included as part of the improvement plan. 
5.1 Development Methodology 
From the survey results of Section 4，it can be seen that identifying user 
requirements and producing a meaningful specification is not a straight forward 
task. A good specification is the key to success in information system 
development. In this aspect, lots of work has been done on system analysis and 
design for conventional business system development. However, compared with 
conventional approach, expert or knowledge based system development has the 
following two difficulties in addition : 
a) Knowledge elicitation and representation is a much more complicated 
process than conventional system analysis. There is no commonly agreed 
approach for doing this. (Among different approaches, the successive 
prototype refinement approach is suitable for this project.) 
b) Shortage of skilled knowledge engineer is another reason. While we have 
been recruiting university graduates with system analysis and design 
background for many years, it is still very difficult to find graduates with 
enough exposure in artificial intelligence or expert system fields. Without 
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proper training, it will not be easy for EDP or MIS professionals to take 
up the job as knowledge engineer. 
Therefore, conventional 'waterfall' approach of development may not be 
applicable. By 'waterfall', it means that once a formal specification is completed, 
system development will proceed through implementation stage. Each stage 
assumes that the previous stages are carried out error free. Usually, modification 
in design is only made after post implementation review. 
For expert system development, Turban [1，p.446] suggested a more frequent 
refinement of prototype to complement insufficiency in specification. This 
approach has the following phases : 
Phase 1 : Problem identification 
Phase 2 : System Analysis 
Phase 3 : Feasibility Study 
Phase 4 : System Design 
Phase 5 : System Development, which includes knowledge 
acquisition, representation, coding and testing 
Phase 6 : Implementation 
Phase 7 : Maintenance 
Phase 8 : Evaluation 
There are two main characteristics in this approach. Firstly, phase 6，7，& 8 can 
directly go back to phase 5 where necessary. This implies that developer may 
need to modify the design during development. Secondly, involvement of end-
user and domain expert is very high in the development phase. They will help to 
test the prototype and identify problems in design. This can also stimulate more 
input from them. Although one might criticize that this method is costly and 
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inefficient, it is helpful when uncertainties in system development is high, due to 
whatever reasons. 
In the case of DDN Diagnostic System, this approach is useful. Actually the 
system delivered by I3P can be considered as the first full function prototype 
which is now ready for next phase refinement. 
5.2 Relationship Between End-User And Expert System 
There are three alternative ways of how an expert system, DDN Diagnostic 
System in particular, can work with end-users. 
a) Advisor : The expert system only provides advises to users. Users will 
complete the tasks by themselves and they retain full control in decision 
making. 
b) Contractor: The expert system almost replaces its users. Users just input 
some data and the system will make the decisions and complete the task 
for users. 
c) Assistant : The expert system assists users to complete the tasks by 
providing some advice to users and complete the tasks for users under 
users' control. 
To implement a DDN Diagnostic System, all three alternatives are possible. 
However, from the perspectives of organizational behavior, user acceptance of 
these three alternatives may vary significantly because the sense of achievement 
and job satisfaction a user can obtain by working with these three types of expert 
system are quite different. 
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In the daily work of CSC operators, some tasks are trivial and tedious while some 
are challenging. The levels of complication of Job Elements can be broadly 
classified into four categories : 
a) Data/Physical: Retrieve and input circuit data through data terminals. 
b) Information : Interpreting the line status of a DDN circuit. 
c) Knowledge : Understand the configuration of a DDN point-to-multipoint 
circuit. 
d) Decision Making : Apply diagnostic strategy to locate a fault on a DDN 
circuit. 
To the CSC operators in general, job satisfaction increases as we move down the 
list of job elements. Depending on the capability of staff, some of them may feel 
frustrated if the decision making requirement in the job is far too complicated 
than they can handle. But it is for sure that they will feel bored if most of their 
job contents fall within 'Data' or 'Information' categories. 
The DDN Diagnostic System was so designed that it takes away the •Knowledge, 
and 'Decision Making' job elements from CSC operators, while leaving the boring 
•Data' and 'Information' job elements to them (Q2 of Sec. 4.2 is referred). The 
system is like an advisor to the end-users. This leads to low user acceptance of 
the system. 
To tackle this problem, we have two alternatives. The first alternative is to 
employ inexperience staff to operate the DDN Diagnostic System. In this way, 
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frustration can be reduced. However, quality or aptitude of staff are lowered and 
it becomes difficult to cultivate new expertise as environment changes. 
The second alternative is to remove the job elements from CSC operators in a 
gradual manner starting from 'Data' through 'Decision Making'. Boring jobs will 
be replaced by the system first, leaving more 'meaningful'jobs for them (Q6 of 
Sec. 4.2 is referred). In this way, the author expects the following benefits: 
a) Higher job satisfaction for the operators, and also a higher productivity. 
b) Staff will have more time to concentrate on high level tasks; this improves 
their skills & quality of work. 
c) Staff can enlarge their scope of work, and able to handle different kinds of 
tasks; thus improves flexibility. 
d) Staff will still have chances to make decisions and be able to build up new 
knowledge as the environment changes. 
This approach not only improve user acceptance to the system, by matching the 
system design with their needs, it will also be beneficial to the company through 
improving productivity. Besides, this method is also adaptive to change. 
It should be noted that the above analysis was made, based on the fact that end-
users of this system are capable of developing into a 'domain expert' in that field. 
The expert system is an assistant as well as a trainer to end-users. For expert 
system applications that end-user and domain expert are two different categories 
of staff ( such as doctor and nurse), expert system as an advisor to nurse may be 
desirable. 
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5.3 New System Requirements 
The second alternative in the above section is used to develop a set of system 
requirements for the next revision of DDN Diagnostic System. 
The requirements are listed below in descending order of priority : 
a) Database Access : Automatic customer database retrieval. This enable 
CSC operators to obtain circuit data for diagnostics by just entering the 
line number. 
b) Integration : System integration with existing fault ticketing system in 
order to have a single user interface and prevent duplicate data entry. 
c) Heuristics : Refine diagnostic strategy to incorporate heuristics of CSC 
operators in order to improve efficiency. 
d) New Knowledge : Extract knowledge from operators on point-to-
multipoint circuit diagnostics. 
5.4 Human Resources 
Besides system development, human resources development is also necessary. 
The author suggest that Hong Kong Telephone should form a team of knowledge 
engineer who will support internal expert system development. It is 
advantageous for Hong Kong Telephone because : 
a ) They can have a better understanding of the sophisticated 
telecommunication network of the company. 
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b) They can respond to changing user requirements faster. 
c) Expert System technology is new in Hong Kong. It is difficult to find 
qualified expert system consultant, as in the case of I3P. 
d) For expert system application to be useful, continuous and timely 
maintenance is a must. Internal maintenance team best serves this need. 
As it is difficult to recruit personnel with expert system exposure, training should 
be arranged to ensure that the problems encountered in this project can be 
avoided. One approach is to arrange trainings to be conducted by expert system 
shell vendors locally or overseas. 
On the end-users side, the CSC supervisor should provide more opportunities for 
the operators to widen the scope of work. This can be achieved through job 
rotation and formal training or develop the diagnostic system into a training tool. 
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6. System Design 
In this section, the author is going to propose a simple system which can provide 
the functions mentioned in section 5.3. This design will make full use of existing 
hardware and software systems installed at CSC and TDC. To further improve 
the operation efficiency, a change in work flow between CSC and TDC is 
proposed such that the overall cost of the system can be kept to a minimum. 
6.1 Overall System Architecture 
The following discussion refers to Fig. 6.1, the proposed system architecture of 
the new DDN Diagnostic System. In the design, each CSC and TDC operator 
will be equipped with a 386 PC connecting together in a LAN environment. The 
Fault Ticketing System and the Customer Database are also connecting to the 
same LAN. These enable the CSC and TDC stations to communicate with the 
two database servers. 
Most of the development will be done on the Kappa PC stations. One beauty of 
this design is the CSC and TDC stations are actually identical in terms of 
hardware and software. This simplifies development and planning a lot. For 
simplicity, the stations for CSC and TDC are termed as diagnostic stations in this 
section. In order of priority, the following program modules will be added to 
the stations : 
a) Database Access Module : Using the line number of a customer, retrieve 
from the customer database information about the DDN circuit. 
32 
b) Fault Ticketing Module : It is basically a port of the fault ticketing client 
station software to the diagnostic station. In addition, this module will 
allow operators to create and retrieve records about circuit parameters 
and intermediate test results of DDN circuits. 
c) Diagnostic Facilities : In addition to the functions equipped with DDN 
Diagnostic System previously, the facility of inspecting and verifying the 
settings in a circuit will be developed. This is an implementation of the 
heuristics that CSC operators have been using. 
6.2 Change In Work Flow 
At present, CSC is responsible for locating the fault in a data circuit, and TDC is 
responsible for clearing the fault. Because of tight manpower, CSC often faces 
the problem that operators are too busy to answer telephone calls from 
customers. In this design, the author is going to tackle this problem as well. 
Under the new work flow, CSC will be responsible for only receiving customer 
telephone calls and performing a basic check on data circuit. Afterwards, they 
will pass the case to TDC via the Fault Ticketing System database. TDC will 
retrieve the cases from the database and continue with the fault location process 
until the fault is cleared. 
Under this arrangement, CSC will have more time to answer customer calls 
because their work will be simpler. The database at the Fault Ticketing System 
becomes a work queue ( or buffer) between CSC and TDC. During peak hours, 
the queue size may go up but CSC operators will still be able to answer customer 
calls. 
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Four CSC operators will be transferred to TDC to help them on fault location. 
In order to have a balanced work load between TDC and CSC, the supervisors of 
both teams will be told to maintain a small common staff pool for load sharing. 
Since the diagnostic station of CSC and TDC are the same, an operator can take 
the role of CSC in one time and the role of TDC in the other. 
After such change, the job nature of CSC will be more specialized. It is suggested 
that job rotation to be implemented between TDC and CSC. In this way, staff 
from both team will have chances to widen their work exposure rather than just 
specializing in a narrow field. 
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7. Conclusion 
Like many other companies in Hong Kong, Hong Kong Telephone Company 
faces a number of problems regarding productivity improvement. Operation 
Support System can improve productivity by making use of computer and 
information system technologies. In recent years, powerM expert system shells 
attracts the attention from business sector as a tool for operation support system 
development. 
In this paper, the development process of a DDN Diagnostic System using expert 
system shell was reviewed. The system delivered had a low user acceptance 
because of two main problems. The first one is the failure to adopt expert 
heuristics during knowledge elicitation phase. This caused the system 
performance to be slow and inefficient. The second problem is the inappropriate 
relationship between end-user & expert system. This caused the system to 
compete with end-user for high satisfaction decision making tasks. 
To meet the objective of the company while trying to improve user acceptance, a 
development methodology which emphasizes on 'successive prototype 
refinement' was suggested. This method can increase user involvement during 
development phase which will increase user acceptance eventually. 
Besides, proper identification of the relationship between expert system and end-
user helps to create a better system. The three roles of expert system: Advisor, 
Contractor and Assistant can help us to select a suitable relationship. 
Analyzing from the perspective of organizational behavior, we conclude that the 
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DDN Diagnostic system should be implemented in such a way that CSC operator 
should be offloaded from low level trivial tasks first. This will increase their job 
satisfaction, acceptance and thereby increase productivity. 
Finally, some improvements to the DDN Diagnostic System were proposed. The 
new system aims at integrating the DDN Diagnostic System into the present 
operating environment. Supported by changes in work flow, it is believed that 
the productivity of the CSC &TDC teams in Hong Kong Telephone will be 
improved while job satisfaction of staff there is also increasing. 
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Report On DDN Network Diagnostic System 
m HongKong Telephone Co. Ltd. 
10 April, 1992 
From： W.H. Liu (E/DE/S) 
To： Mr. P. Honey (BM/DE) 
cc： Mr. Happy Yu (SM/DE/PNT) 
Report on DDN Network Diagnostic System 
The Kappa-PC is an developement tools running in Windows environment. Applications 
can be builded with Kappa Language and its built-in functions. The DDN diagnostic 
system was developed in this way by I3P using Kappa-PC as a prototype to demonstrate 
the feasibility of using expert systems technology. Based on that, a functional specification 
was derived. 
The system has been developed in such a way that different windows are opened to 
perform different tasks such as profile management, diagnostics and batchjob as shown 
below. The diagnostic functionality is well performed by the system. 
K 
Help Selection • 
Window 一 ^ Window 
Profile DB B a t c h j 0 b Point to Poir t MultiLine 
Management . Diagnostics Diagnostics 
Window Window w i n d o w Window 
Windows 
Point to Point diagnostic window ‘ 
This window is divided into three main parts: the graphical part, the buttons part and the 
comm flow part. 
being connected to. 
The buttons part provides buttons for different activities and input slots. 
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i V 
To perform diagnostics on a circuit, the user has to input information of network 
components: passwords for accessing network components, node numbers, channel 
numbers and nest numbers, by clicking on the NWDetail button. 
After entering the information, diagnostics can be started, the user can optionally choose 
the length of bert in terms of bit number. 
In Auto Bert, the system, based on the input information, will start from a particular bert, 
in this system is remote loop to remote loop between two NTUs. A series of bert tests 
with different looping points are defined. The system will go for the next bert with 
different looping points according to the pre-defined bert sequence until a fault is located 
or when the system encounters a successful bert. The sequence is based on the practice of 
end users. 
the graphical part 
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I the button part 
the comm flow part 
The status of 〒 怒 二 二 ^ 二 二 
o H a t a t t n ? _ and the network 
management system is shown. 
The result of diagnostics with suggested fault reason is _ 
i S S S megfor later use. Fault reports are accumulated until system reset. 
Manual bert is possible by selecting a particular bert of particular looping points from a 
list. The bert length can be selected as well. � 
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MnltiLine Window 
This window is similar to the point to point window except the graphical part.. The 
graphics in the point to point window is replaced by a multiline one with option of 
.choosing main line or the tail line for testing. The chosen main line part or the tail line 
part is treated as a point to point line for diagnostics. Bascially every configuration can be 
divided into a point to point configuration. 
Batch Job window 
Job3 -DL 055279 I 』 • 難 _ _ _ l 隱 I \ m 凝 讓 • 繼 科 ^ % 
i 1 願 _ 麵 | » « _ _ 纖 _ 觀 ^ 1 1 _ _ _ _ ^ » 1 1 | | | | * _ 1 1 “ il 
！ E _ _ 纏 _ _ _ 纖 _ _ _ _ 1 _ 嘱 I I 丨 
• 1 1 
_ S^ ^^ B^ ^ B^ i • 
丨 I 國 _ 議 
This window enables the user to put one or more circuits into be r t at a predefined time. 
S s y S w i l l prompt the user for network details as the user adding a circuit. 
T h p l i q e r h a s to intensionallv start the system after adding new circuits in the batch. Once S s g t e 二 二 仏 ： ^ 吐 against ？he system time and^nitiate the bert for a circuit as 
has been defined. 
3 
Report on P D N Network Diagnostic System 
Porfile management window 
I I 
information in the NTUs are corrupted or not. 
s 二 S M ^ r a ^ « 
format. 
Present Status 
At present, the — e system ^ - ¾ ¾ ¾ ^ ¾ 二 ！ ^ ° 
L S u t l2 minutes in normal circumstances. 







An Introduction To DATAPAK 
Digital Data Services (DDS) 
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Digital Data Service (DDS) 
The modern business world is becoming increasingly d e p e n d e n t upon the speedy and 
f requent movement of market or transaction based information. ； 
The d e m a n d for high speed , reliable d a t a communications has out-stripped the 
capabilities of voice a n d telex networks. Throughout the world, ded ica t ed d a t a networks 
h a v e e m e r g e d to mee t the needs of the information society, ’ 
Hong Kong Telephone's contribution to this new era in communications is Datapak, the 
territory's public d a t a network. 
POCkOt 
to provide end-to-end transmission of various kinds. 
This introduction describes methods of connect ing to Datapak DDS, along with an 
explanation of the simple tariff structure. 
. f • . . . , •. • , > . , . 
General 
Datapak Digital Data Service is an a d v a n c e d d a t a transport service which provides 
comple te end-to-end d a t a transmission facilities, including point-to-point, multipoint 
a n d broadcas t services. 
It enjoys all the a d v a n t a g e s of the Datapak network; including 24-hour network 
m a n a g e m e n t and automatic fault bypass. All necessary network terminating 




The Datapak network is built around geographically distributed nodes which are 
loca ted in secure te lephone exchanges and linked by high speed digital circuits. 
Datapak DDS customers are c o n n e c t e d to the nearest Datapak node, using readily 
available cab le circuits with the service and d a t a speed of their choice. Transmission 
speeds range from 300 bits per second (bps) to 100 million bps. 
All services include lines and Network Terminating Units a t the customer premises which 
present V.24/RS232C or V.35 d a t a sockets; or G.703 interfaces for terminal equipment. 
Customers d o not need to purchase modems. 
• Dataline 24 and 48 
A single d a t a channel suitable for synchronous or asynchronous d a t a transmission at 
speeds up to 4800 bps. 
• Dataline 4/48 and 8/48 , , 
Multiples of 4 or 8 statistically multiplexed d a t a channels suitable for asynchronous da t a 
transmission a t speeds up to 4800 bps. Automatic bit rate detection is available on input 
channels. Aggregate fink speed is 4800 bps. 
• Dataline 96 , x x , 
A single d a t a channel suitable for synchronous or asynchronous d a t a transmission at 
speeds up to 9600 bps. 
• Dataline 4/96 and 8/96 , , 
Multiples of 4 or 8 statistically multiplexed d a t a channels suitable for asynchronous da t a 
transmission a t speeds up to 9600 bps. Automatic bit rate detection is available on input 
channels. Aggregate link speed is 9600 bps. 
A s i n g ^ c ^ t a c h a n n e l suitable for synchronous or asynchronous d a t a transmission a t 
speeds up to 19,200 bps. 




A single d a t a channe l suitable for synchronous d a t a transmission a t speeds up to 
512,000 bps. 
• Dataline T1 
A single d a t a s t ream suitable for synchronous d a t a transmission a t speeds up to 1.544 
m e g a b i t per s e c o n d (Mbps). A G.703 interface Is presented for customer terminal 
e q u i p m e n t connec t ion . 
• Dataline T1/16.T1/64 
Multilocation T1 configurations providing up to 16 or 64 individual channels which c a n 
. b e routed to different locatipns. Synchronous or asynchronous transmission is available 
a t s p e e d s b e t w e e n 1200 bps a n d 1.3 Mbps per location, with a maximum a g g r e g a t e 
d a t a ra te of 1,544 Mbps. 
• Dataline El 
A single d a t a stream suitable for synchronous d a t a transmission a t speeds up to 2.048 
Mbps. A G.703 interface is p resen ted for customer terminal equ ipment connect ion. 
Multilocation configuration c a n also b e provided so that up to 30 individual 64 Kbps 
c a p a c i t y channels c a n b e routed to different locations. 
• Dataline T3 
A single d a t a stream suitable for synchronous d a t a transmission a t speeds up to 44.7 
Mbps. A G703 interface is p resen ted for customer terminal equ ipment connect ion. 
• Mainlines 24,48, 96, 19.2 
A single d a t a channe l , for use with Branchline service, suitable for synchronous or 
asynchronous d a t a transmission a t speeds up to 2400 bps, 4800 bps, 9600 bps or 19,200 
bps d e p e n d i n g on the service se lec ted . 
• Branchline 24, 48, 96, 19.2 
A multi d rop d a t a channe l service suitable for synchronous or asynchronous d a t a 
communica t ion a t s p e e d s up to 2400 bps, 4800 bps, 9600 bps or 19,200 bps depend ing 
on the service se lec ted . Used in conjunction with Mainlines. The ratio of Branchlines to 
Mainlines is se lec ted by the user. 
• Broadcast 12，24, 96 , l o n n . _ 
A simplex b r o a d c a s t service suitable for text transmissions a t speeds up to 1200 bps 
2400 bps or 9600 bps d e p e n d i n g on the service se lected. The receive-only terminal is 
provided by the user. 
A s l m X ^ b r o a d c a s t service suitable for English text transmissions a t speeds up to 1200 
bps. A printer is included in t h e Network Terminating Unit. 
二二？二Trc^cast service suitable for Chinese or English text transmissions a t speeds 
u p to 1200 bps, A printer is included in the Network Terminating Unit. 
A S S S c S c a s t service des igned for synchronised distribution of digital paging 
^gnais a t s p e e d s up to 1200 bps. Time delay equalization facility is provided. 
Tariff Structure 
For all types of a c c e s s there is a one-time connect ion cha rge and a monthly rental for 
e a c h service a p p e a r a n c e . These charges are independent of location and distance, 
The monthly rental includes all necessary network terminating equipment a t customers' 
premises. There is no usage c h a r g e for Datapak Digital Data Service. 
A minimum service period of three months applies to all services. 
Details of charges are shown in the current Datapak Tariff Summary. 
> 
Billing 
Datapak Digital Data Service bills a re presented monthly in a d v a n c e . 
I / “ ^ 
[ D a t a c o m Enquiry Number s OOQ _ 1 Q n 
Sale & G e n e r a l Enquires: 888 2929 Service Support : 888 7180 
Billing: 710 3838 Fax: 824 3993 
D a t a C o m Information Service 
Network User Address: (454) 5500104 J 
V — 
T , ,, ISSUE 7 0392 DSM 
• Datapak Is provided by Hong Kong Telephone, a Hong Kong Telecom company. 
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APPENDIX 3 
DDN Diagnostic System - Object Hierarchy 
DDN Diagnostic System 
R o o t —1 ••…Gk)ba/ Object Hierarchy 
^ Image 
一~— KWindow KSession 
— ~ Batch Job . . , <Modem Mux 
Ntu 
Miscellaneous ……-“�—• DBVariab/es 
„ . ,.. Network 
ReceivedMsgs 卜 Diagnostics 
NWMenus !-"•-• Profilelndex 
Comms 
BERTests 
^ ^ ConfigFaults 
NWFaults BERTFaults 
^ ^ OtherFaults 
- NtuMsgs 
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r— OutputView M e t e r 
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一 Button ListBox MultipleListBox 
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APPENDIX 4 
DDN Diagnostic System - Sample Fault Report 
FAULT REPORT 
A fault report for channel group defined by 
SideA(NTU: 249/.2, 0, 42, MUX: 247/0, 11), 
SideB(NTU: 249/.2, 0, 47, MUX: 0/246/0, 11). 
This fault was detected by performing a Bit Error Rate test 
in which errors were detected. 
The faults detected is as follows: 
Channel Group: SideA(NTU: 249/.2, 0, 42, MUX: 247/0, 11), 
SideB(NTU: 249/.2, 0, 47, MUX: 0/246/0, 11) 
Fault No: 1 
Test Date: 03 /31/92 @ 16:08:06 
Category: BERT 
Factor: 100 
Description: BERT1 :A Ntu R/M Loop - B Ntu R/M Loop Test 
Test failed, 1020 errors reported after 10 Kbits 
Channel Group: SideA(NTU: 249/.2, 0, 42, MUX: 247/0, 11), 
SideB(NTU: 249/.2, 0, 47, MUX:,0/246/0, 11) 
Fault No: 2 
Test Date: 03/31/92 @ 16:10:49 
Category; BERT 
Factor: 100 
Description: BERT2:A Mux Loopback - B Ntu R/M Loop Test 
Test failed, 2805 errors reported after 50 Kbits 
Channel Group: SideA(NTU: 249/.2, 0, 42, MUX: 247/0’ 11), 
SideB(NTU: 249/.2, 0, 47, MUX: 0/246/0’ 11) 
Fault No: 3 
Test Date: 03/31 / 9 2 @ 16:13:18 
Category: BERT 
Factor: 100 
Description: BERT4:A Mux Loopback - B Ntu L/C Loop Test 
Test failed, 3315 errors reported after 60 Kbits 
Channel Group: SideA(NTU: 249/.2, 0, 42, MUX: 247/0, 11), 
SideB(NTU: 249/.2, 0, 47, MUX: 0/246/0, 11) 
Fault No: 4 
Test Date: 03/31/92 @ 16:16:01 
Category: BERT 
Factor: 100 
Description: BERT3:A Mux Loopback _ B Ntu l/F Loop Test 
Test failed, 3570 errors reported after 60 Kbits 
Channel Group: SideA(NTU: 249/.2, 0, 42, MUX: 247/0,11), 
SideB(NTU: 249/.2, 0, 47, MUX: 0/246/0, 11) 
Fault No: 5 
Test Date: 03/31/92 @ 16:19:03 
Category: BERT 
Factor: 100 
Description: BERT5:A Mux Loopback - B Mux Loopback Test 
Test successful, 100 Kbits reached with no errors reported 
Channel Group: SideA(NTU: 249/.2, 0’ 42, MUX: 247/0,11), 
SideB(NTU: 249/.2, 0, 47, MUX: 0/246/0, 11) 
Fault No: 6 
Test Date: 03/31/92 @ 16:19:03 
Category: BERT 
Factor: 100 
Description: Auto BERT: 
# AutoBERT suggests that the NTU B INTERFACE CARD is faulty 
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